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+ 𝜌𝜵 · 𝒗 = 0












𝜐2) = −𝜵 · (𝑝𝒗) + 𝜵 · (𝝉′ · 𝒗) + 𝜌𝒇 · 𝒗 + 𝜵 · (𝑘𝜵𝑇)











𝜎𝑥 + 𝑝 𝜏𝑥𝑦 𝜏𝑥𝑧
𝜏𝑦𝑥 𝜎𝑦 + 𝑝 𝜏𝑦𝑧










 𝜵 · 𝝉
 𝜌𝒇
𝜇




= −𝜵𝑝 + 𝜇𝜵2𝒗 + 𝜌𝒇
 
















































+ 𝑏𝑧 = 0












































𝑴?̈? = 𝒃 + 𝒕 − 𝑰
𝑴 𝒃 𝒕
𝑰

















∆𝑡(𝑖) = 𝑡(𝑖) − 𝑡(𝑖−1)



























𝑪 = 𝛼𝑴 + 𝛽𝑲

































𝐿0 = ‖𝑿𝒋 − 𝑿𝒊‖




; 𝜎 = 𝑚𝑎𝑥(0, 𝐸 )
𝐼𝑖 = 𝜎𝐴














‖𝒆𝟏 × (𝒙𝟑 − 𝒙𝟏)‖
; 𝒆𝟐 = 𝒏 × 𝒆𝟏























































































𝑁1 = 1 − 𝑝 − 𝑞 ; 𝑁2 = 𝑝 ; 𝑁3 = 𝑞
𝑝 𝑞 𝜉 𝜂























































































































𝜉 + 𝜈 𝜂




























𝜎𝐼 = 𝐸 𝐼 ; 𝜎𝐼𝐼 = 0 ; 𝜎𝑚 =
𝜎𝐼
2
𝜎𝜉 = 𝜎𝑚 (1 +
𝜉 − 𝜂
𝛾𝑚𝑎𝑥
) ; 𝜎𝜂 = 𝜎𝑚 (1 −
𝜉 − 𝜂
𝛾𝑚𝑎𝑥

















?̇? + 𝜈 ?̇?










































𝒘 = 𝛁𝑥𝑉∞ = 0)








































−𝜇 = 𝛷 − 𝛷𝑖 −𝜎 = 𝜵(𝛷 − 𝛷𝑖) · ?̂?
𝛷𝑖 = 𝑐𝑡𝑒 = 𝜙∞
𝜙∞




























−𝜇 = 𝜙 = 𝛷 − 𝜙∞ −𝜎 = 𝜵(𝛷 − 𝜙∞)
𝜎


































𝐾 = 1,𝑁𝐵 + 𝑁𝑊






























































; 𝑞𝑚 = −
𝜕𝜇
𝜕?̂?
; 𝑞𝑛 = 𝜎











𝐶?̅? 𝑥 = 0
𝑥𝑚
𝑥𝑠 𝑥
0 < 𝑥𝑡 < 𝑥𝑚





















(𝑛 − 2) 
(𝑛−2)/4
(𝑛 + 1) (𝑛+1)/4(𝑛 + 2) 1/2
𝑠 𝛽
𝐶?̅? ≤ (𝑛 − 2)/(𝑛 + 1)
𝑁 ?̅?𝑠 6 < 𝑛 < 8








𝑆 = { 
0,35 ; 𝑑2𝑝 𝑑𝑥2⁄ ≤ 0












































































𝑢 𝑈𝑒⁄ = (𝑦/𝛿)
1/𝑛 𝑛 = 7 𝑥𝑡
































































𝑥𝑠 − 𝑥𝑚 = ?̅?𝑠 − ?̅?𝑚





𝒇𝒊 = 𝒇𝒊−𝟏 + 𝜃(𝒇𝒊
𝒕𝒓𝒊𝒂𝒍 − 𝒇𝒊−𝟏)

















𝑞𝑝(𝑧) = 𝑐𝑒(𝑧) · 𝑞𝑏 = 𝑐𝑒(𝑧) ·
1
2

















































𝜇3 = 0,2 + 10 ·
ℎ
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